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Introduction
Extreme variability in streamflow across the State of Idaho can complicate decision-making processes for planners and managers who frequently deal with issues regarding fish and wildlife, water rights, and other land and water uses. Monthly and annual streamflow information is needed to assist these planners and managers in making informed decisions. This information is available at sites where long-term gaging stations are located; however, many streams in Idaho are ungaged. Kjelstrom (1998) outlined methods for estimating monthly exceedance discharge values at ungaged sites in the Salmon and Clearwater River Basins in central Idaho, and Horn (1988) developed estimates for mean annual discharge at ungaged sites across Idaho. However, estimates of monthly exceedance values are needed throughout the State, and Horn s mean annual estimates were based on data only through 1977. Because of the need for updated monthly and annual discharge information at ungaged sites throughout Idaho, the U.S. Geological Survey (USGS), in cooperation with the U.S. Forest Service, began a study to develop techniques for estimating long-term daily mean discharge exceeded 80, 50, and 20 percent of the time each month (80-, 50-, and 20-percent exceedance values) and mean annual discharge.
Purpose and Scope
This report summarizes the techniques used to estimate various monthly and annual streamflow statistics using regional regression equations and describes the associated reliability and limitations. Equations were developed to estimate the 80-, 50-, and 20-percent monthly exceedance discharges and the mean annual discharge at ungaged, unregulated sites. Standard errors of estimate were calculated to help predict the reliability and accuracy of each equation.
Description of Study Area
The study area ( fig. 1 ) includes the entire State of Idaho and areas of adjacent States where particular drainage basins cross over State boundaries. The adja-
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By Jon E. Hortness and Charles Berenbrock cent States partially included in the study area are Washington, Oregon, Nevada, Utah, Wyoming, and Montana. The northern and central parts of the area are composed mainly of rugged, mountainous terrain; broad plains and mildly sloping valleys and hills predominate in the south. Geologic features across the study area consist of sedimentary, igneous, and metamorphic rocks ranging in age from Precambrian to Holocene (Bond, 1978) . The granitic Idaho batholith is the major structural feature in the central part of the study area, and basalt covers much of the southern and western parts (Ross and Savage, 1967) .
Most precipitation in the study area results from storms moving inland from the Pacific Ocean. The amount of precipitation varies widely throughout the area and is greatly affected by topography. Precipitation ranges from less than 10 in. per year on the Snake River Plain in south-central Idaho to 60 to 70 in. per year in the central mountains of Idaho (Molnau, 1995) . The most significant amounts of precipitation are a direct result of orographic effects and occur mainly in the winter months. Spring and summer thunderstorms in the southern part of the study area sometimes produce large amounts of precipitation. Resulting streamflow varies geographically and seasonally and can be affected by land use and vegetation. During much of the year, streamflow in most unregulated streams in the study area is minimal base flow; during April, May, June, and July, streamflow is significantly higher, primarily as a result of snowmelt. Occasionally during the winter months, large frontal systems carrying warmer air release moisture as rain on the snowpack and frozen ground, which results in rapid snowmelt and high runoff rates, particularly at elevations less than 6,000 ft above sea level (National Oceanic and Atmospheric Administration, 1971).
PREVIOUS INVESTIGATIONS
Two previous studies dealt with developing regional regression equations for use in estimating mean annual discharges at ungaged sites in Idaho. Quillian and Harenberg (1982) divided the State into nine regions and developed separate regression equations for each. The following basin characteristics were used in one or more of their equations: basin area, mean annual precipitation, percent forest cover, longitude of the gaging station, and mean basin elevation. Using streamflow data through 1977, Horn (1988) developed a method for estimating mean annual discharges in an effort to define the drought characteristics of streams across Idaho. He divided the State into two regions and used basin area, mean annual precipitation, and percent forest cover to estimate streamflow statistics. Kjelstrom (1998) developed a method for estimating the 20-, 50-, and 80-percent monthly exceedance discharge values for the Salmon and Clearwater River Basins in central Idaho, using the mean monthly discharge and a multiplication factor. This method pertains only to the approximately 1,050 subbasins identified by Lipscomb (1998) , who estimated the mean monthly discharges for each subbasin by apportioning mean annual discharges into monthly increments on the basis of records from gaging stations selected as being characteristic of the subbasin. Lipscomb estimated the mean annual discharges by using the regional regression equations developed by Quillian and Harenberg (1982) .
ESTIMATING STREAMFLOW STATISTICS USING BASIN CHARACTERISTICS
Estimating Streamflow Statistics Using Basin Characteristics
Using multiple-regression equations to relate streamflow statistics to various basin and climatic variables (basin characteristics) is a common method for estimating streamflow at ungaged sites. Once the equations have been developed, streamflow statistics at ungaged sites can be estimated by determining the necessary basin characteristics and inserting that information into the regression equations. In this study, regression equations were developed for use in estimating 80-, 50-, and 20-percent monthly exceedance discharges (Q.80, Q.50, and Q.20) and the mean annual discharge (Qa). These statistics are commonly used for analyzing streamflow.
Streamflow Data
Daily mean discharge values from 200 continuousrecord gaging stations were used to develop the regression equations (U.S. Geological Survey, 1955 -2000 . Each gaging station had at least 10 years of record through water year 1999. Gaging stations located on streams where flows are regulated, where diversions significantly affect flows, or where significant dis-charge from springs augments streamflow were not included in the analysis. The locations of all gaging stations used in the analysis are shown in figure 1 . The map numbers that correspond to the gaging stations shown in figure 1 , the station identification number, station name, and period of record for each are listed in appendix A. Monthly and annual streamflow statistics computed for each station are listed in appendix B.
Basin Characteristics
More than 50 separate basin characteristics were obtained for each of the 200 gaging stations included in the study. All basin characteristics were obtained using Arc Macro Language programs written for Arc/Info (Environmental Systems Research Institute, Inc., 1999) . These programs generated the basin characteristic values from the datasets listed in table 1. Several basin characteristics were removed from consideration after correlation plots of the data were reviewed. Generally, if two basin characteristics correlated well, the one that was the least difficult to obtain was kept and the other was removed. Other characteristics were removed because of missing data or difficulty in obtaining the data. By following this process, nine standard basin characteristics were retained for use in the multiple-regression analysis. Of the nine characteristics used in the analysis, eight were included in at least one of the final equations. These eight standard characteristics were: drainage area (A), mean basin elevation (E), basin relief (BR), slopes greater than 30 percent (S30), mean annual precipitation (P), forested area (F), basin slope (BS), and main channel slope (MCS). Basin azimuth also was included in the analysis but was not used in any of the final equations. Detailed information on the eight basin characteristics used in the equations is listed in table 2, and basin characteristic values obtained for each gaging station are listed in appendix C. One percent was added to the measured values for S30 
Determination of Regions
In regional streamflow frequency analyses, attempts are made to define regions that are hydrologically homogeneous in terms of the characteristics being studied (Haan, 1977) . Thus, a graphical cluster analysis was performed using the basin characteristics obtained for the 200 gaging stations included in the study. This analysis revealed several unique groupings of basin characteristics across the State. The final groupings were based on mean basin elevation, basin slope, percentage of basin covered by forest, and mean annual precipitation. On the basis of the cluster analysis and the resulting final groupings of basin characteristics, the State was divided into eight regions ( fig. 2 ) and separate equations were developed for each. The region boundaries were determined on the basis of the following factors: (1) grouping of similar basin characteristics that were revealed in the cluster analysis; (2) geographic features, such as large mountain ranges or breaks between mountains and plains; and (3) engineering judgment based on general knowledge of the area. A part of the area commonly referred to as the eastern Snake River Plain was excluded from the analysis for several reasons: (1) Most of the streams in this region either are regulated or are significantly affected by irrigation diversions, (2) several springs with extremely large discharges add significant flow to streams in the region, and (3) the lithology of the area consists mainly of layered basalts that exhibit extremely high rates of infiltration. The effects of these features on the hydrology of the area cannot be characterized by a regional regression approach.
Estimation Method
For use in the multiple-regression analysis, all streamflow and basin characteristic data were transformed to base-10 logarithms. This transformation was performed to obtain a linear regression model and to achieve equal variance about the regression line. The linear regression model makes it possible to perform an ordinary least-squares (OLS) analysis from which the regression constants can be computed. Equal variance about the regression line satisfies a basic assumption of regression methods, which states that the distribution of errors about the regression line is normal and constant throughout the range (Riggs, 1968) .
A statistical computer software program, Statit (Statware, Inc., 1992) , was used to derive the estimating equations in the following linear form:
, (1) where Q (dependent variable) is the desired monthly or annual streamflow statistic, in cubic feet per second (80-, 50-, or 20-percent exceedance or mean annual discharge); a is the multiple-regression constant; b 1, b 2, ... 
Statit uses OLS regression techniques to determine the best variables for use in the regression equations. All possible combinations of variables were analyzed and the best combinations were chosen on the basis of the standard error of estimate (SEE). The SEE is a measure of the fit of the regression equation to the observed data. The equation with the smallest SEE results in the narrowest confidence limits and thus, generally, the most reliable estimating equation (Haan, 1977) .
For any given month, the basin characteristics that resulted in the best overall fit (smallest average SEE) for all of the equations were used as the independent variables in all three estimating equations. This ensures that the correlation structure between the streamflow statistics for each month is preserved, which results in stable and consistent estimates of the statistics (Haan, 1977) . Estimating equations were developed for each region and are listed in tables 3 through 10 (back of report), along with the associated errors for each. The SEEs presented in log 10 represent the error of the transformed equations. The SEEs presented in a percentage range represent the error of the final, untransformed equations based on equations presented by Riggs (1968) .
RELIABILITY AND LIMITATIONS
Reliability and Limitations
The SEEs for the equations, in log 10 , over all eight regions ranged from a minimum of 0.072 for Qa in region 3 to a maximum of 0.498 for August (Q.80) in region 7. The standard errors of estimate for these streamflow statistics exhibited a minimum range of +18.1 to -15.3 percent and a maximum range of +214.8 to -68.2 percent. These error values represent the general reliability of the estimating equations; however, other factors could limit the applicability of the equations.
Because this method is based on a regression analysis, the equations might not be reliable for sites where the basin characteristics are outside of the range of characteristics that were used to develop the equations (table 11 ). In addition, using basin characteristic values near their extremes (maximum or minimum, table 11) might result in unreliable and erroneous estimates. Figure 3 shows a "cloud of common values" for two of the four basin characteristics used in equations for February in region 2. If the minimum value for mean annual precipitation and the maximum value for mean basin elevation were used, this combination would plot outside of the "cloud of common values" and, thus, the equations might result in unreliable estimates. Generating basin characteristic values by using datasets or algorithms other than those described in this study will also result in estimates of unknown reliability. The standard errors of estimate for each equation are applicable only if the datasets presented in table 1 are used to obtain the required basin characteristics and the specific algorithms described in table 2 are used; however, software programs other than Arc/Info can be used. The estimating equations are not applicable for streams that exhibit significant gains and (or) losses as a result of spring flow or seepage through highly permeable streambeds. The equations also are not applicable for streams affected by irrigation diversions or large dams that regulate streamflow. The Boise River downstream from Lucky Peak Lake, the Clearwater River downstream from Dworshak Reservoir, and the entire Snake River are examples of stream reaches within the study area for which the estimating equations are not applicable.
In general, the equations are more reliable (lower standard errors of estimate) for estimating the high streamflow statistics (20-percent exceedance) than for estimating the low streamflow statistics (80-percent exceedance) in any given month. This finding is consistent with that of Riggs (1972) , who stated that low streamflows are largely affected by localized geology that cannot be quantified easily. Parrett and Cartier (1990) also determined that equations developed for western Montana were generally more reliable for estimating high streamflow statistics.
Although the SEEs of the estimating equations for regions 6 and 7 generally were significantly larger than those for other regions, the natural variability of streamflows in regions 6 and 7 is also significantly greater than in the other regions as a result of more sporadic and generally less precipitation (Molnau, 1995) . Prediction of streamflow statistics that have a high degree of variability will always have more uncertainty than prediction of statistics that are more stable.
APPLICATION OF METHOD
Application of Method
Examples of how to use the equations for estimating monthly or annual streamflow statistics are given in the following paragraphs. The third example addresses the situation where the drainage area of a specific site encompasses parts of two separate regions.
Example 1
Estimates of Q. 80, Q.50, and Q.20 
Example 2
Estimates of Q.80, Q.50, and Q.20 for the month of April and Qa are required for a stream location in region 2. The required basin characteristics for region 2 equations were determined to be the following: A, 923.0 mi 2 ; E, 6,220 ft; F, 82.1 percent; and P, 46.5 in. For use in the equations, the value for E is divided by 1,000, and 1 percent is added to the value for F. 
Example 3
An estimate of Q.50 for the month of August is required for a stream location in region 4 with a drainage basin encompassing parts of regions 4 and 5. The method for handling sites with parts of the drainage area in two regions is as follows: (1) Calculate values for the entire basin by using equations from the first region, (2) calculate values for the entire basin by using equations from the second region, and (3) average the two values on the basis of the proportion of drainage area in each region (Sando, 1998) . The required basin characteristics for region 4 and 5 equations were determined to be the following: A, 853.0 mi 2 ; BS, 38.5 percent; P, 39.4 in.; S30, 61.2 percent; and F, 42.2 percent. The part of the drainage area located in region 4 covers 622.0 mi 2 and the part in region 5 covers 231.0 mi 2 . For use in the equations, 1 percent is added to the values for S30 and F. 
SUMMARY
Equations for estimating monthly exceedance (80-, 50-, and 20-percent) and mean annual discharge values at ungaged sites were developed using a multiple-regression analysis. The analysis related streamflow to various basin characteristics. Nine basin characteristics were tested in the final analysis, and eight of these characteristics were used in one or more of the final estimating equations. The standard errors of estimate for these equations, in log 10 , ranged from a minimum of 0.072 for mean annual discharge in region 3 to a maximum of 0.498 for August (Q.80) in region 7. The standard errors of estimate for these streamflow statistics exhibited a minimum range of +18.1 to -15.3 percent and a maximum range of +214.8 to -68.2 percent. The estimating equations might not yield reliable results for sites with basin characteristic values outside of the range of values used to develop the equations. The equations also are not applicable for regulated streams or those affected by significant gains and (or) losses due to spring flow, seepage through highly permeable streambeds, or irrigation diversions.
The equations were generally more reliable for estimating the high streamflow statistics (20-percent exceedance) than for estimating the low streamflow statistics (80-percent exceedance) in any given month. This is likely because lower streamflow statistics are more difficult to estimate, owing to effects of localized geology. The standard errors of estimate of equations for regions 6 and 7 generally were significantly larger than those for other regions. This could be a result of the natural variability of streamflows in regions 6 and 7, which is also significantly greater than in other regions because precipitation is generally minimal and sporadic.
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Geological Survey Water-Supply Paper 1737, 282 p. Table 3 . Results of regional regression analysis based on data from 13 gaging stations for region 1
TABLES 3 -10
[Q.xx, daily mean discharge exceeded xx percent of the time during the specified month, in cubic feet per second; A, drainage area, in square miles; E*, mean ID 1911 ID -13,1919 ID -22,1937 ID -49,1981 ID -83,1985 ID 1920 ID -21,1923 ID -27,1938 13266000 Weiser River near Weiser, ID 1890 -91,1894 -1904 ,1910 -14,1953 -99 66 13267000 Mann Creek near Weiser, ID 1911 -13,1920 -21,1937 MT 1936 MT ,1946 MT -53,1960 06015500 Grasshopper Creek near Dillon, MT 1921 -33,1946 -54,1955 -58,1960 ID 1917 ID -18,1934 ID -36,1953 13044500 Warm River at Warm River, ID 1912 -15,1918 13045500 ID 1930 ID -33,1934 ID -37,1940 13055000 Teton River near St Anthony, ID Region 8
Region 7
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